Importance: This study helps to better understand the need and trend in presbyopic add power in the aging society.
INTRODUCTION
Presbyopia is a progressing and inevitable condition with age. It is estimated that 1.27 billion people worldwide had presbyopia in 2010, with a potential productivity loss of US $11.02 billion. 1 Reported prevalence of presbyopia for people aged 40 years or older ranges from 43.8% in Asian countries to more than 80% in Western countries, however little is known about the progression of presbyopia with age. 2, 3 It is a common practice for ophthalmologists and optometrists to prescribe add power, which is a spherical positive power superimposed on fully corrected distance refraction, for patients with presbyopia to aid near vision. Thus changes in add power can partly reflect the progression of presbyopia from a clinical perspective. Donders, Duane, Hofstetter were the first to describe the age-related norms of accommodation amplitude, while Pointer provided the add powers for different age groups, which are still used as reference in clinics today. [4] [5] [6] However, these norms were mostly based on Caucasian populations and its applicability to other populations were largely unknown.
Furthermore, whether Hofstetter and Pointer's norms are still valid nowadays is unknown. Sociodemographic and environmental factors such as refractive error and temperature had been reported to associate with presbyopia onset. 7, 8 Therefore changes in the last decades, for example, the increasing prevalence of myopia in East Asia, might lead to significant cohort effect.
To the best of our knowledge, the age-related add power requirement for East Asian population as well as the longitudinal progression of add power have never been reported. Thus purposes of this study were to investigate: (i) the age-related requirement of add power in a Chinese population; (ii) the 6-year longitudinal change in add power; and (iii) risk factors for longitudinal change in add power.
METHODS

Study population
Details of the recruitment and study methodology of the population-based study conducted in Guangzhou, China had been reported elsewhere. 9 Briefly, 1817 subjects aged 35 years or older participated in the baseline study in 2008 and all were invited for the 2-year (2010) and 6-year (2014) follow-up examinations. A subset of participants from this cohort with available add power measurements at both baseline and the 2014 follow-up examinations were included in the current study. Participants who had undergone refractive surgeries or were aphakic or pseudophakic at baseline or during the follow-up examination were excluded. Eyes with presenting distance visual acuity (VA) ≤20/200 at either examination were also excluded. The study protocol was approved by the World Health Organization Secretariat Committee on Research Involving Human Subjects and by the institutional review board at Zhongshan Ophthalmic Center (ZOC) in Guangzhou, China. Approval for the follow-up survey was also obtained from the ZOC review ethics committee. Written informed consent was obtained from all participants and the study was conducted in accordance with the tenets of the Declaration of Helsinki. The participants did not receive any financial compensation.
Procedures
Questionnaires including information on age, gender, education background and detailed ophthalmic surgical history were administered by trained nurses at both baseline and follow-up examinations. Distance and near VA were measured indoor under ambient lighting with a LogMAR ETDRS tumbling E chart (Precision Vision, La Salle, IL, USA) per standardized protocol. Non-cycloplegic automated refraction was carried out for all participants at baseline and follow-up examinations using an auto kerato-refractometer (KR-8800; Topcon Corp, Tokyo, Japan). Five consecutive measurements were performed for each eye and the mean was recorded as the final value. Corneal refractive power was also measured and the mean of five readings was recorded for each eye. Participants with presenting near vision impairment (NVI), defined as presenting near VA of ≤20/40, were further examined for add power at a standard testing distance of 40 cm after fully corrected for distance refractive error based on subjective refraction at both baseline and follow-up examinations. Plus lens was added at an increment of +0.25D and the minimum add power needed to obtain best-corrected near VA was recorded for each eye. Binocular add power was determined by the smaller add power in either eye.
Anterior chamber depth (ACD) was measured in each eye using a non-contact partial coherence laser interferometry (IOLMaster, version 3.0, Carl Zeiss Meditec at baseline and Lenstar LS900, Haag-Streit AG, Switzerland at the 2014 follow-up) in a dark room (illumination <5 lx). Measurements with a ratio of signal to noise of less than 2.0 or those that differed from other values by more than 0.1 mm were re-measured. The mean of five measurements was recorded as the final result. In the 2010 followup study, both IOLMaster and Lenstar LS900 were used to measure ACD. We found that the ACD data measured by IOLMaster correlated well with the measurement obtained using Lenstar, therefore an equation is generated to relate these values. This allowed us to convert the ACD data measured by Lenstar in 2014 into equivalent values for comparison with the baseline ACD data measured by IOLMaster.
Lens thickness (LT) was measured by anterior segment optical coherence tomography (AS-OCT) imaging (Visante; Carl Zeiss Meditec) at baseline and by non-contact partial coherence laser interferometry (Lenstar LS900, Haag-Streit AG, Switzerland) in 2014. Similar to the ACD measurements, both equipments were used in the 2010 follow-up study to measure LT and the data correlated well. An equation was generated to convert the LT data from 2014 for comparison with the baseline LT. Change in ACD, LT and corneal power were defined as the corresponding values at baseline subtracted from the values at the 2014 follow-up.
Data management and analyses
Spherical equivalent (SE), calculated as spherical power plus half of cylindrical power, was used to represent refraction. Baseline refractive state was categorized into myopia (SE < −0.5 diopter, D), emmetropia (−0.5D ≤ SE ≤ +0.5D) and hyperopia (SE > +0.5D). Age was categorized into four age groups: 35-44, 45-54, 55-64 and ≥ 65, based on the age obtained at baseline. Education level was dichotomized as less than high school and high school or above.
All statistical analyses were performed using STATA Statistical Software: Release 12.0 (StataCorp LP, College Station, TX, USA). Group t-test and trend-analysis were used to assess the difference in baseline add power and the 6-year longitudinal changes in add power between different age groups, gender, education background and baseline SE status. Univariate and stepwise multiple regression (entry P value = 0.05) were used to analyse the association between longitudinal changes in add power and potential risk factors. P values of ≤0.05 were considered statistically significant.
RESULTS
A total of 346 participants underwent add power measurement at both baseline and the 2014 followup examination. Two participants with poor presenting distance VA and 41 participants who had undergone refractive surgery or with aphakic or pseudophakic eyes were excluded. Thus, a total of 303 participants were included in the final analysis. The mean (standard deviation, SD) age was 57.6 (11.1) years and 50.2% were female. Table 1 shows the add power required at baseline for different age, gender, education and refractive state groups. The mean (SD) required add power in this population ranged from 1.43(0.91) D in the 35 to 44 age group to 2.20 (0.85) D in the ≥65 age group. There was a significant increase in add power with age (P < 0.001). Participants with lower educational level were also found to require higher add power (P < 0.001). There was no significant association between gender or baseline refractive state and add power. In addition, there was a rapid increase in add power requirement from age 40 to 50 years and slowed down afterwards, as shown in Figure 1 .
The 6-year changes in add power by baseline age, gender, education and refractive state is detailed in Table 2 . The overall increase in add power was 0.15D (95% confidence interval [CI]: 0.06 to 0.25) and was more significant in participants with more hyperopic refraction (P = 0.03). Age, gender and education background were not associated with the longitudinal change in add power. Table 3 shows the association between potential risk factors and 6-year change in add power. Older age and lower add power requirements at baseline were both associated with an increase in longitudinal add power change (P < 0.001), which in total could explain 72.8% of the variance. Baseline refractive error was associated with longitudinal add power change in the univariate analysis (P = 0.03) but not in the multiple regression analysis. Biometric factors, including change in corneal power, ACD and LT were not associated with longitudinal add power changes.
DISCUSSION
The current study presents the age-related add power requirements in a Chinese population with presenting NVI, as well as the 6-year longitudinal changes and risk factors of add power. Subjects with presenting NVI are the cohort of the population who are more likely to attend an eye examination for near vision correction compared to those without NVI, thus we believe our result could offer pragmatic information to clinical practice. The authors are unaware of any other report on age-related add power norms in East Asian population or longitudinal add power changes. Our study found an earlier onset of presbyopia compared to the norms recommended by Hofstetter and Pointer (Figure 1, Supporting information) . The fact that their formulas were mostly based on Caucasian populations had led to doubt by subsequent studies which identified significant associations between ethnicity and presbyopia. Africans were found to require reading add power 5 to 10 years earlier than Caucasians. 10 Both Hispanic and nonHispanic population from Los Angeles had a later onset and slower progression of presbyopia than the Hofstetter's norms. 11 The Shahroud Eye Cohort Study showed the required add power was 0.5D less than the Pointer's recommendation in an Iranian population. 12 A study of 121 Hong Kong Chinese subjects showed that Chinese have lower amplitudes of accommodation and thus need higher add powers compared to Caucasians. 13 Besides that, social and environmental factors including temperature, occupation and nutrition can influence the development of presbyopia, which could lead to a drastic change in the norm of age-related add power requirements in the recent decades. For example, people living in warmer areas were reported to have an earlier onset of presbyopia and farmers had a later onset of presbyopia than housewives or construction workers. 8, 14 Thus more up-to-date norms of age-related add power are needed for populations of different ethnicities.
Most cross-sectional studies of Caucasian and African populations reported that women had an earlier onset for presbyopia. It was suggested to be due to difference in task forms and viewing distances, as Table 2 . Six-year changes of add power well as menopause. [15] [16] [17] However, two studies based on Asian populations found no gender difference or a higher risk of presbyopia in men. 2, 18 Gender difference in add power requirements were only reported by Hofstetter in 1949 and Pointer in 1995, and women were found to have a higher need of add powers compared to men of the same age. 15 However in our study, there was no gender difference in add power requirements at baseline, and the longitudinal change in add power was also similar between genders. This further supports the existence of ethnic difference and more studies are needed to illustrate whether gender difference for add power exists in East Asian populations. Our study also found that participants with lower educational level had significantly higher add power requirements, this could be simply due to a higher proportion of older subjects in this subgroup (proportion of subjects aged 55 years or above: <high school, 66.2%; ≥high school, 33.2%).
To the best of our knowledge, there was no longitudinal study addressing cohort effect on add power. Previously reported progression rate of add power based on cross-sectional data was roughly 0.1D/ year, which is consistent with our cross-sectional results. 6, 12 However our longitudinal analysis showed an average change of 0.025D/year and even lower in the youngest cohorts (35-44 years), which might be explained by higher prevalence of myopia in this cohort (45.8% among 35-44 years group versus 24.7% in ≥45 years group) while Table 2 documents a lower add power progression among myopes (Table 2) . 19 The most important mechanism underlying presbyopia progression was believed to be the increase in lenticular stiffness with accompanying reduced elasticity based on the Helmholtz theory. It was suggested that ciliary muscles, zonules and vitreous also played a role in presbyopia mechanism but this was proven to have very limited effect based on mathematical or animal models. [20] [21] [22] Our analysis showed that longitudinal change in add power was related to baseline age and add power, but not changes in anterior chamber biometric factors. More myopic refractive error was related to less add power progression in univariate model but not in the multiple regression model, which could be due to lack of statistical power or interaction effect between baseline refractive error and add power. This could further enhance our understanding of presbyopia progression from an epidemiological point of view.
Limitations of the current study included a relatively small sample and only subjects with presenting NVI were included, but our result could be of practical clinical significance as presbyopic patients without presenting NVI are less likely to present to eye clinics. Lack of data on accommodation amplitude could be another potential limitation, however add power is a more comprehensive indicator, and the distribution and progression of add power can better reflect the true eye-care need.
In conclusion, our study presented for the first time the norm of age-related add power and its longitudinal changes in a Chinese population with presenting NVI. There was no gender difference, but a significant cohort effect in add power requirements. More studies are needed to establish up-to-date recommendations of age-related add power prescription for different populations.
